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INTRODUCTION:  Electric motors used in vehicles 
has been required to have high performance, more power, 
and compactness [1]. This results in the higher emission
heat density from the motor package and the effective 
cooling scheme of the stator coil has been important. The 
actual vehicle stator coils are cooled by the coolant 
poured from a nozzle above. For the evaluation, the tem-
perature measurement was carried out [2, 3]. However,
the coolant profile inside the coil has not been clarified
yet and the pouring conditions are decided empirically. In 
this study, therefore, the coolant profile inside the simpli-
fied stator system is studied by using the neutron radiog-
raphy.

EXPERIMENTS: The schematic model of the exper-
iment is shown in Fig.1(a). The stator coil is presumed by 
the accumulated square rod arrays shown in Fig.1(b)
where the coolant is directly poured from above. Each
square rod is made of aluminum and horizontally aligned
with a gap of 1mm. This single layer is accumulated to
four and bundled in the coolant circulation system con-
sisted of a pump, flowmeter, temperature measurement
devices, etc. The flow rate of the coolant is 0.5L/min. The 
neutron beam is in horizontal direction so does the cool-
ant visualization. The experiment is carried out in the 
room temperature.

(a) overall setup

(b) rod arrays with coolant
Fig. 1. Experimental setup.

RESULTS: First, for the evaluation, the visualization
of the coolant between the two rods is carried out. The
result is shown in Fig.2(a). As in the figure, the coolant 
can be visualized due to the large attenuation rate differ-
ence between the aluminum and coolant.
Next, the coolant in the accumulated rod arrays is visual-
ized as shown in Fig.2(b). The coolant spreads in each 
array layer. It is found that the coolant in the below layer 
has larger area of coolant. This can be explained by the 
structure. At the top layer, the coolant can spread not only 
in the rod direction but also the spanwise direction due to 
the viscosity and the wettability of the coolant. The cool-
ant escapes down and hit the lower layer. The coolant can 
spread in the same manner. Each array is accumulated 
with an angle. This suggests that the coolant is partially 
sandwiched by the above and below rods. This may in-
duce the capillary effect and the horizontal spreading is 
enhanced. This is repeated as the coolant goes lower layer, 
resulting in the wider spread as it goes down.

(a) Between two horizontal aluminum rods.

(b) Inside the accumulated rod arrays
Fig. 2. Visualized coolant.

REFERENCES:
[1] N. Kobayashi and T. Ikegami, Thermal Sci. Eng., 15,
2 (2007) 49-54.
[2] T. Davin et al., Applied Thermal Eng., 75 (2015)
1-13.
[3] S. Onimaru et al., Denso Technical Review, 13 (2008)
19-25.

- 202 -


